The^elix-coil transition and conformation of d-CCATGG were investigated using H-NMR spectroscopy at various frequencies (90, 276, 100 MHz). The changes in the chemical shifts and linewidths of imino protons between 5°a nd 35°C show that the d-CCATGG fraying process consists of two stages : the external dC.dG base pairs open at first, the internal dC.dG and central dA.dT base pairs then open simultaneously at higher temperatures similar to the case of d-ACATGT. The midpoint temperatures, the helix and coil proportions and the dissociation constant were determined from the 6 = f(t°) curves of the base and sugar protons. The results indicate that the midpoint temperature Increases with the number of the dG.dC base pair in a given size sequence, while the dissociation enthalpy appears to be independent. The difference between the T value of a base proton of the external and internal residues of the same nature is found to be a good criterion for base proton assignment. The high predominance of the S conformation for all residues shows that d-CCATGG duplexes adopt the B-helical conformation.
INTRODUCTION
H-NMR spectroscopy is a popular and powerful technique for the study of biological systems, and in particular, for the study of short DNA fragments (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . In a very recent H-NMR investigation on a self complementary hexanucleotide d-ACATGT (12) , it was shown that the fraying process observed with this hexamer cbnsists of only two stages instead of three as is the case for d-ATGCAT (1,3) and r-AAGCTT (6) . This led to the suggestion that the fraying process occuring with short DNA fragments depends on the position of the dG.dC base pairs in the sequence. On the other hand, it was also shown in the same work (12) that proton longitudinal relaxation time measurements at appropriated frequencies can be used in some cases for base proton assignment : the T value of a given proton of external residues is greater than those of internal residues. Using this criterion, it can be shown that the Hg resonance of the initial dA in d-ACATGT is located upfield from that of the central dA ; for the H-2 protons, the converse is true.
However, H-2 protons are relaxed by the other protons of neighbouring residues and their relaxation la thus complicated to interpret. Therefore, it is interesting to verify if 1) the above criterion baaed on T 1 measurements is valid for all the base protons (in particular for the H-2 ) 2) the two Stage fraying process is also observed for a different hexanucleotide in which the dA.dT residues are located at the central position similar to the case of d- ACATGT. In the present work, we report a H-NMR study on a self complementary hexamer d-CCATGG which only contains one dA and one dT residue at the central position and has the same internal and central residues as with d-ACATGT.
In this way, the central dAdT residues are subjected in both hexamers to the 
The purification was performed using Sephadex G-25 gel column chromatcgraphy and high pressure liquid chromatography on Permaphase AAX and reverse phase Zorbax ODS (9.3 mm column). The final product was exchanged on a Dowex 50 W NH^ form, lyophillzed and its purity checked with an analytical column HS-5 18.
In the case of the non-exchangeable proton observation, d-CCATGG was 2 2-dissolved in H 2 0 containing 0.1 M NaCl + 5BM PO^ and was freed of possible divalent ions by shaking with Chelex 100 and then by adding EDTA (0.1 mM).
The pH was adjusted to 7-8 by the addition of a small amount of NaOH. The samples were lyophilized twice in H O and redissolved in n 0 at final concentrations of 2-5 mM. These solutions were introduced into HMR tubes degassed in a vacuum line and sealed.
Proton chemical shifts and coupling constants were obtained from 400 MHz H-NMR spectra recorded on a Bruker WM 100. The chemical shifts were measured at various temperatures from 3-(trimethylsilyl)[ H.]propionic acid. Proton longitudinal relaxation time experiments were performed at 90 MHz (on a Bruker HH 90) using the inversion recovery method (i8O°-t-9O°).
In the exchangeable proton observations, d-CCATGG was dissolved in H_0 containing 0.2 M NaCl + 10 mM PO^", pH = 7. H-NMR spectra were recorded on a laboratory-built 276 MHz spectrometer using a special sequence to eliminate the water peak. At low temperature (t < 40°C) we note only a small change in the J 1l? i value for the central dA (Fig. 1a) , most of the coupling constants remaining practically unchanged with temperature. 
RESULTS

DISCUSSION
Fraying
Although the temperatures at which NH proton resonances disappear along the base line are about 10°C higher for d-CCATGG than for d-ACATGT (12) due to the different numbers of dG-dC base pairs In the sequence, the temperature dependent behaviour of the imino protons is the same in both cases. The NH resonance of the external base pairs broadens and disappears at first while the NH resonances of the internal dG-dC and central dA.dT base pairs shift and broaden in a similar way with increasing temperature and disappear at higher temperatures. In the case of d-GGAATTCC C O Patel showed that the imino proton resonance of the external base pairs disappears at first ; those of the internal dG.dC, dA.dT and central dA.dT then disappear simultaneously. A similar opening process has also been observed for the self complementary deoxynucleotlde d-CGCGAATTCGCG (5) : the fraying extends from the exterior to the interior of the duplex up to and including the third dC.dG base pairs ; the imino resonances of the fourth dG.dC, internal and central dAdT appear to broaden and disappear simultaneously at t > 63°C. The above results confirmed our previous conclusion that the dG.dC base pairs constitute strong fixation points in the duplex, thus monitoring the helix-coil opening process. This means that in short fragments, the duplex opens in sequential order from the exterior to interior when the base pairs in the sequence are of the same nature. On the contrary, the opening process depends on the relative position of the dG.dC and dA.dT base pairs.
Transition midpoints and helix-coll dissociation constants
The midpoint transition temperatures, tj, were determined from the 6 = f(t) curves of the base and sugar protons. The ti value is about 55°C for the external dC.dG and 58^ 2°C for the internal dC.dG and central dA.dT base pairs. It is worth noting that under the same experimental conditions (5 mM hexanucleotide + 0.1 M NaCl), the helix-coil midpoint temperature is about 15°C higher for d-CCATGG than for d-ACATGT (12) and dATGCAT (2) and that the difference between the tl values of the external and central base pairs (A tl = tl central -tl external) is much smaller for the first hexamer (A tj = 3°C) than for the second and third hexamers (A tl = 11°C). This can also be explained by the difference between the number of dG.dC base pairs and their relative positions in the sequence.
The coil proportion, a, and the helix-coil dissociation constant, Kd, were determined from the 6 = f(t°) curves (12) 6 obs = aoc + (1-a) Oh where 6c and 6h are the chemical shifts corresponding to the coil and helix forms respectively ; oc can be determined at t > 80°C and 6H at t « 20°C
where c is the d-CCATGG concentration (5 mM). Table III summarizes the coil proportion a at different temperatures and 
Conformation of d-CCATGG
The insignificant temperature effect on the proton-proton coupling constants involving sugar ring protons shows that the average sugar conformation of d-CCATGG residues remains practically unchanged when this hexamer changes from the coil to the helix form. Although the J-,,;., value of some residues cannot be determined due to the poor separation between the B-3" resonances, the S proportion can however be approximatively deduced from J , and Jpn^i (table II) , since there is not great difference between the J , and J 4 , values (10-13). The data in Table II and Fig. 3 show that 1) the S conformation is largely predominant for all residues ; 2) the S proportion is smaller while the T value of the base protons is greater for the external than for the internal dC and dG residues. These results Indicate Palaiseau-France) for t h e i r help in obtaining the exchangeable proton spectra.
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